We present the detection of the first candidate colliding-wind binary (CWB) in M33, located in the giant H II region NGC 604. The source was first identified in archival Chandra imaging as a relatively soft X-ray point source, with the likely primary star determined from precise astrometric alignment between archival Hubble Space Telescope and Chandra imaging. The candidate primary star in the CWB is classified for the first time in this work as a carbon-rich Wolf-Rayet star with a likely O star companion based on spectroscopy obtained from Gemini-North. We model the X-ray spectrum using Chandra and XMM-Newton observations, and find the CWB is well-fit as a ∼ 1 keV thermal plasma with a median unabsorbed luminosity in the 0.5-2.0 keV band of L X ∼ 3 × 10 35 erg s −1 , making this source among the brightest of CWBs observed to date. We present a long term light curve for the candidate CWB from archival Chandra and XMM-Newton observations, and discuss the constraints placed on the binary by this light curve, as well as the X-ray luminosity at maximum. Finally, we compare this candidate CWB in M33 to other well-studied, bright CWBs in the Galaxy and Magellanic Clouds, such as η Car.
INTRODUCTION
Massive stars, stars 8 M , vigorously shape their surroundings via mechanical, kinetic, and chemical feedback driven by their strong radiative winds and explosive deaths. The mass loss history of a massive star not only shapes its stellar surroundings, but also significantly alters the evolution of the star itself. A high fraction of massive stars have also been found to exist in close binaries which, if they do not merge, will either accrete or strip mass from their companion at some point during their evolution (Sana et al. 2012; Neugent & Massey 2014) . Thus mass loss via stellar winds or interactions in a binary are of paramount importance for understanding massive star evolution and its influence via energetic and chemical feedback.
Corresponding author: Kristen Garofali garofali@uark.edu Theoretical models of wind mass loss rates (e.g., Vink et al. 2001 ) have long been used as input in stellar evolution codes to predict evolution with mass loss history; however, mass loss rate predictions from theoretical models can be discrepant from empirically derived values by a factor of a few or more (Fullerton et al. 2006; Oskinova et al. 2007; Sundqvist et al. 2011; Bouret et al. 2012) . The systematic biases in observed mass loss rates depend on choice of line diagnostic, as ρ 2 diagnostics such as Hα are especially sensitive to wind "clumpiness" (Kudritzki & Puls 2000; Smith 2014 ). This highlights the need for a multiwavelength approach to empirically constraining massive star wind properties (e.g., Cohen et al. 2011 Cohen et al. , 2014 Puebla et al. 2016) , and therefore the effects of mass loss on massive star evolution and the surrounding environment.
To this end, X-ray emission from massive stars provides a means to probe the structure and strength of stellar winds beyond standard UV, IR, and optical diagnostics, which are more sensitive to the systematics arXiv:1906.03274v1 [astro-ph.HE] 7 Jun 2019 associated with non-uniform, or clumpy winds (Pittard 2007) . In particular, X-ray line diagnostics and X-ray variability from both single stars and binary systems can be used to probe wind strength and structure (e.g., Pittard & Stevens 1997; Pittard & Corcoran 2002; Oskinova et al. 2004; Nazé et al. 2013) .
Single OB stars produce soft ( keV) X-ray emission with characteristic L X ∼ 10 31 -10 33 erg s −1 from shocks embedded in their stellar winds (Lucy & Solomon 1970; Lucy & White 1980; Lucy 1982; Owocki et al. 1988; Feldmeier et al. 1997) , and in addition clusters of hot, young stars can drive wind-blown bubbles that themselves are sources of soft, diffuse X-ray emission (e.g., Tüllmann et al. 2008) . Slightly harder (T > 10 7 K) X-ray emission with characteristic L X ∼ 10 32 -10 35 erg s −1 can be produced by shocks originating in wind-wind collision regions of massive binaries (O + Wolf-Rayet [WR] , or WR + WR), sources known as colliding-wind binaries (CWBs) (Prilutskii & Usov 1976; Cherepashchuk 1976; Pollock 1987; Luo et al. 1990; Stevens et al. 1992; Usov 1992) .
While both single X-ray emitting massive stars and CWBs can be used to probe the properties of massive star winds (e.g., Stevens et al. 1996; Oskinova et al. 2003; Pittard & Dougherty 2006; Lomax et al. 2015) CWBs are on average more X-ray luminous than single stars (Pollock 1987; Clark et al. 2008; Guerrero & Chu 2008) , and as such act as some of the brightest beacons in Xrays in the Galaxy and Magellanic Clouds (MCs) for studying in detail the strength and structure of winds from massive stars. However, the brightest CWBs such as η Carinae, which reach L X ∼ 10 35 erg s −1 , are somewhat rare (Güdel & Nazé 2009; Nazé et al. 2011) , thus limiting the most detailed studies of such systems to perhaps a dozen sources in Galaxy and MCs (e.g., Rauw & Nazé 2016) , with none yet observed beyond the MCs.
Here we report the discovery of the first candidate CWB in M33 located in the giant H II region NGC 604. The system, hereafter referred to N604-WRX, hosts a carbon-rich WR (WC) primary star, and is comparable in luminosity to the most X-ray bright CWBs in the Galaxy and MCs (L x ∼ 10 35 erg s −1 ; Pollock et al. 2018 ). This paper is organized as follows: in Section 2 we describe the X-ray and optical observations used to identify and characterize N604-WRX. In Section 3 we present our model for the X-ray spectrum of N604-WRX, and the X-ray luminosity and light curve derived from this model. We also present the spectral classification of the likely primary star in the CWB using ground-based spectroscopy. Next, in Section 4 we discuss the evidence from our observations in favor of N604-WRX as a CWB, and compare the source properties to other bright CWBs in the Galaxy and MCs. Finally, we provide conclusions and a discussion of future work to characterize N604-WRX in Section 5.
OBSERVATIONS & DATA REDUCTION
In this section, we present an overview of the data products, reduction, and analysis methods used in characterizing the candidate CWB N604-WRX, namely archival Chandra, XMM-Newton, and Hubble Space Telescope (HST) imaging, as well as spectra of the likely primary star newly obtained with Gemini-North.
Chandra Imaging & Spectra
We use five archival Chandra observations to characterize X-ray emission from N604-WRX. Four observations (obs. IDs 6378, 6379, 6388, and 7204) come from the deep Chandra ACIS survey of M33 (ChASeM33; Tüllmann et al. 2011 ) and were taken with ACIS-I in "Very Faint" (VFAINT) mode. One archival observation (obs. ID 2023) was taken with NGC 604 as the target, with the observations performed with ACIS-I in "FAINT" mode. The observations are summarized in Table 1 , including off-axis angle of N604-WRX in each exposure, and effective exposure time for each observation after filtering on good time intervals (GTIs).
We reduced all archival observations using standard reduction techniques with CIAO version 4.10 and CALDB version 4.8.1
1 . We reprocessed the level=1 event files using the script chandra repro. Subsequently, we produced background light curves for each observation, where time intervals with high count rates were removed by filtering the level=2 event files on the GTIs as determined from the task lc clean with 5σ clipping. The effective exposures for each observation after filtering for background flaring are listed in Table 1 , resulting in a total effective exposure for N604-WRX of ∼ 320 ks.
Next, we ran wavdetect independently on each exposure to determine source positions for matching between exposures. We fixed the position for N604-WRX to the position returned from wavdetect from the most on-axis observation (obs. ID 2023), finding good agreement between this position (RA: 1:34:32.606, Dec: +30:47:04.091) and the corresponding point source position (013432.60+304704.1) listed in the ChASeM33 catalog (Tüllmann et al. 2011) . We then ran wcs match between all other exposures and obs. ID 2023 using sources returned from wavdetect, and subsequently updated the aspect solutions and event files for each observation using wcs update to bring them into alignment with obs. ID 2023. Figure 1 . Three-color (red: 0.2-1.0 keV, green: 1.0-2.0 keV, blue: 2.0-8.0 keV), exposure-corrected mosaic of NGC 604, binned into 1" × 1" pixels, and smoothed using a Gaussian filter with σ=3. North is up and east is to the left. The source extraction region for N604-WRX is overlaid in blue just inside the background extraction annulus (white). Other X-ray sources in NGC 604 from Tüllmann et al. (2011) are marked as white x's on the image: notably, a hard source to the NE, and a bright supernova remnant south of NGC 604.
With the position of N604-WRX determined for all exposures, we proceeded to extract spectral products. For each exposure we determined the region encircling 95% of the point spread function (PSF) of the source using the task psfsize srcs, and used these regions for source extraction. We also extracted background regions in order to model the surrounding soft, diffuse emission from NGC 604. The background regions were chosen as annuli surrounding the source extraction regions, with the inner radius set to where the radial surface brightness profile of N604-WRX approached the level of emission from NGC 604 in the surrounding region, and the outer radius set so that the background annulus was roughly five times the size of the source extraction region, ensuring enough counts to adequately characterize the background. Using these source and background regions, we extracted spectral products using the task specextract for each exposure: source and background spectra, response matrix files (RMFs), and auxiliary response files (ARFs). Details of the spectral models and fitting process and discussed in Section 3.1.
Finally, we created a merged, exposure-corrected image using all obs. IDs listed in Table 1 . The individual exposures were first reprojected onto the frame of obs. ID 2023 and then merged using the CIAO task reproject obs. The merged image was then exposure corrected and binned into ∼ 1" × 1" pixels (2 × 2 binning) using the task flux obs. As the data were processed using the Energy-Dependent Subpixel Event Repositioning algorithm (EDSER; Li et al. 2004 ) during the chandra repro task, we also created an image attempting to recover sub-pixel resolution for N604-WRX using an image of the source PSF produced with MARX, and the task dmcopy imposing a binning factor less than one; however, this process appeared to generate artifacts not present in the image at native resolution. Thus, we opted to use the merged image with 1" × 1" pixels to create exposure-corrected images in the soft (0.2-1.0 kev), medium (1.0-2.0 keV), and hard (2.0-8.0 keV) bands. In Figure 1 we show the three-color, exposurecorrected mosaic of NGC 604 created using these images with source (blue) and background (white) spectral extraction regions for N604-WRX overlaid. N604-WRX is clearly visible as a point source in the western region of NGC 604 with counts in both the soft and medium bands. 
XMM-Newton Imaging & Spectra
To further characterize the X-ray luminosity and spectrum of N604-WRX, we downloaded all available XMMNewton observations in the vicinity of the source from the XMM-Newton Science Archive (XSA) 2 , comprising four separate observations and a total of seven exposures where N604-WRX was not off-field or on a chip gap. The observations are summarized in Table 2 .
Observational data files (ODFs) for each observation were reprocessed using the XMM-Newton Science Analysis System (SAS version 17.0) 3 . To produce processed event lists from the ODF for the EPIC-MOS (Turner et al. 2001 ) and EPIC-pn detectors (Strüder et al. 2001) we employed the SAS tasks emchain and epchain, respectively, applying standard filtering as follows: (PAT-TERN ≤ 12 && flag== #XMMEA EM) for the EPIC-MOS detectors to include single, double, and quadruple events and standard event flagging, and (PATTERN ≤ 4 && FLAG == 0) for the EPIC-pn detector to include single and double events and conservative flagging.
With these event lists for each exposure, we next created field-wide high-energy light curves to determine GTIs to filter the event lists for background flaring. For obs. IDs 0650510101, 0650510301, and 0672190301 we created 7-15 keV light curves for all detectors as in Williams et al. (2015) . We inspected each light curve by eye to determine the periods of high count rate to exclude: > 0. 35 for the MOS, and 0.4 counts s −1 for the pn as in West et al. (2018) . The effective exposures for each exposure after GTI correction are listed in Table 2 , resulting in a total effective exposure for N604-WRX of ∼ 536 ks.
After GTI-correction, we performed source detection using edetect chain separately for each exposure to determine source positions for cross-correlation with the positions from Chandra obs. ID 2023. Translational shifts between each XMM-Newton exposure and Chandra were determined using at least three sources per exposure with the CIAO task wcs match, and subsequently used to bring each EPIC exposure into alignment with Chandra. Given the translational shifts returned for each EPIC exposure, we estimate an additional positional uncertainty for N604-WRX of 2. 1 in RA and 0. 75 in Dec. for all EPIC exposures, which we take into account during source spectral extraction. Using the translational shifts from cross-correlation with Chandra we determine the position of N604-WRX in each EPIC exposure for use in source spectral extraction, as described below.
As for the Chandra observations, spectral extraction region sizes for N604-WRX in each EPIC exposure were chosen to encompass 95% of the PSF at energies of 1 keV, as determined using the SAS tasks psfgen and calview (Read et al. 2011 ) and the off-axis angle of N604-WRX in each exposure. In addition, we include the positional uncertainty due to alignment in the extraction region sizes. To characterize the sky and instrumental background we selected elliptical regions twice the size of the source extraction regions, which for PN were at similar RAWY positions and off-axis angles as N604-WRX, and for MOS were on the same CCD and at a similar off-axis angle as N604-WRX. For all exposures we ensured that the source and background regions were free of other point sources, both through by-eye verifi-cation and checks against other point source catalogs (Tüllmann et al. 2011; Williams et al. 2015) .
We next extracted source and background spectra for N604-WRX using evselect with a spectral bin size of five for the PN, and 15 for MOS exposures. RMFs and ARFs were produced using the tasks rmfgen and arfgen. In Table 2 we list all exposures for which spectral products were extracted. Those exposures without off-axis angles or effective exposures listed are exposures in which N604-WRX was either off-field or on a chip gap.
After inspection of the reduced XMM-Newton imaging, we find that the point source N604-WRX is not distinguishable from the surrounding soft emission in NGC 604. This is likely due to the higher soft-sensitivity and lower angular resolution of XMM-Newton as compared to Chandra. Given our inability to resolve N604-WRX from the background in XMM-Newton, we use the archival XMM-Newton observations only to place upper limits on the flux of N604-WRX as described in Section 3.1.
HST Photometry
In addition to extracting all available X-ray observations of N604-WRX, we searched for the optical counterpart to the X-ray emission to identify the most likely primary star in the CWB. Given the crowded nature of the field, with ∼ 200 OB stars in the western region of NGC 604 alone (Hunter et al. 1996) , the high angular resolution of Chandra and HST were necessary to identify possible optical counterparts to N604-WRX within the X-ray positional uncertainty. Below, we describe the HST observations used to make the initial identification of the candidate optical counterpart, or primary star, for N604-WRX.
The giant H II region NGC 604 was first imaged with HST using the Wide Field Planetary Camera 2 (WFPC2) in two filters (F555W and F814W), each with exposure times of 400 s (proposal ID 5237, field M33-FIELDN604). The data for this field were reduced as described in Garofali et al. (2018) , using the pipelines developed as part of the ACS Nearby Treasury Program (ANGST; Dalcanton et al. 2009 ), and the Panchromatic Hubble Andromeda Treasury program (PHAT; Dalcanton et al. 2012) . Photometry was measured using DOLPHOT and HSTPHOT (Dolphin 2000) , and completeness was estimated using artificial star tests as described in Williams et al. (2014) and Garofali et al. (2018) . The 50% completeness limits in this field are m The WFPC2 image was aligned to a common frame as the Chandra observations, again as described in de- tail in Garofali et al. (2018) . With precise astrometric alignment between the HST and Chandra imaging, we are able to search for HST counterparts to N604-WRX within the Chandra positional uncertainty (< 0. 7 postalignment). We identified three possible counterparts in HST to N604-WRX; however, two of these were saturated in the archival HST WFPC2 imaging, and thus magnitudes were not recovered. The photometry and position are reported only for the faintest counterpart within the X-ray error circle of N604-WRX in Garofali et al. (2018) .
The Local Group Galaxy Survey (LGGS; Massey et al. 2006) reports photometry for two sources within the X-ray positional uncertainty of N604-WRX: J013432.63+304704.5 with V magnitude = 17.39 and B-V=0.022, and J013432.64+304704.0 with V magnitude=17.19, and B-V=0.006. However, the LGGS photometry in the region is a blend of the three sources visible in the HST imaging, so these magnitudes are likely inflated relative to the intrinsic values for the three point sources.
To resolve the positions and magnitudes of all three possible counterparts within the X-ray error circle we Table 3 . HST photometry of candidate optical counterparts to N604-WRX. All magnitudes are Vega magnitudes, and all positions are from HST and are aligned to 2MASS and the ChASeM33 survey (Tüllmann et al. 2011 therefore need refined HST imaging. To supplement the archival WFPC2 imaging, we made use of HST Advanced Camera for Surveys (ACS) imaging of the region from the forthcoming legacy survey of M33 (P.I. Dalcanton), which consists of imaging of 54 fields in M33 with the Wide Field Camera 3 (WFC3) in the UV (F275W, F336) and IR (F110W, F160W), and the Wide Field Camera (WFC) in the F475W and F814W filters. We align the ACS/WFC imaging to a common frame as the Chandra imaging, noting the same three stars from the archival WFPC2 imaging within the X-ray positional uncertainty of N604-WRX. The three possible counterparts to N604-WRX and their five filter photometry determined from the forthcoming HST legacy survey or M33 are listed in Table 3 . The stars are shown in an ACS/WFC F475W image of NGC 604 in Figure 2 , with the Chandra positional error (magenta), Chandra source extraction region (blue), and Chandra background extraction annulus (white) overlaid. We use the positions recovered from HST listed in Table 3 for targeted spectroscopic follow-up to determine the most likely counterpart to N604-WRX, as described in the next section.
Gemini Spectroscopy
To determine the spectral type of the likely primary star in N604-WRX we obtained spectra of the two brightest stars within the X-ray error circle (targets N604-WRXb and N604-WRXc, Table 3 ) using the Gemini Multiple-Object Spectrograph on Gemini-North (GMOS-N) (Hook et al. 2004) . Neither N604-WRXb, nor N604-WRXc have clear previous spectral classifications in the literature (see Section 3.3). Target N604-WRXa was excluded from the proposed observations given its fainter magnitude compared to N604-WRXb/c and due to its small angular separation from star N604-WRXc (< 0. 5), which posed an observational challenge for GMOS-N even under the best seeing conditions.
To mitigate against crowding in NGC 604, both stars were observed using a blind-offset, with the slit placed at two different position angles on an offset bright star ∼ 1. 65 NE of NGC 604. The first target (N604-WRXb) was observed in July 2018, and the second target (N604-WRXc) was observed in August 2018, both in queue mode and at a mean air mass of 1.1.
Spectra of both stars were taken using the 0. 25×330" slit with the B600 grating centered first at 5200Å and then at 5250Å to compensate for gaps in the detectors. The observations consisted of two exposures per target, each 370 s. The image quality for both observations was 20th percentile, corresponding to a FWHM of 0. 5 for a point source in the R band observed at zenith 4 . Standard baseline calibrations, including flat field images and CuAr lamp observations, were taken for flat fielding and wavelength calibrations, respectively. In addition, observations of the standard star Wolf 1346 were included for flux calibration.
We reduced all data using the gemini IRAF package 5 . Bias and flat field images were created for each target using the tasks gbias and gsflat. The CuAr arc lamp observations and flux standard were reduced using the task gsreduce, with the wavelength correction applied to the CuAr lamp using gswavelength. The wavelength solution was applied to the flux standard and object using gstransform, with sky subtraction applied to the flux standard only using gsskysub. We did not perform automatic sky subtraction for either target due to issues with oversubtraction given the the confusing nebulosity from the surrounding H II region NGC 604. We performed additional sky subtraction for each target star by hand using the PyRAF task splot after the spectra were extracted. The spectra for both the standard and the target stars were extracted with gsextract, with background subtraction also performed using this task. We derived the sensitivity function from the one-dimensional flux standard spectrum using gsstandard and applied the function to both targets using gscalibrate. We combined the spectra from the two exposures of each target using the PyRAF task scombine and an average of the pixels.
The reduced spectra reveal strong, broad emission features in the spectrum of N604-WRXc, indicative of a WR star and therefore the most likely primary to N604-WRX. As N604-WRXc has no clear history of spectral classification in the literature prior to this work, we discuss our determination of spectral type for this star in Section 3.3.
Given the abundance of massive stars the central cavity in NGC 604 where N604-WRX resides, we consider the probability that the newly identified WR star N604-WRXc is a chance coincidence with the X-ray error circle (r = 0. 7) of N604-WRX. We estimate a radius of ∼ 7" for the central cavity of NGC 604 from the ACS/WFC F745W image from HST and find eight WR stars catalogued in the literature within this radius (Drissen et al. 2008; Neugent & Massey 2011) , yielding a chance coincidence probability of ∼ 8% for a WR star within the positional uncertainty of N604-WRX. If we consider the entirety of NGC 604 (r ∼ 25") and its WR population (14 stars), we get a ∼ 1% chance coincidence probability of a WR star with the X-ray error circle of N604-WRX. This low probability of a chance coincidence coupled with the fact that CWBs with WR primaries are relatively prevalent in the Galaxy and MCs leads us to consider the newly identified WR star N604-WRXc as the most likely optical counterpart to N604-WRX, and therefore the most likely primary in the CWB. We show the extracted spectrum from GMOS-N for N604-WRXc in Figure 3 , and discuss its spectral properties in more detail in Sections 3.3 and 4.3.
RESULTS
In this section, we present the observational results supporting classification of N604-WRX as a CWB. In particular, we present our X-ray spectral modeling and the resultant X-ray luminosity and long-term X-ray light curve, as well as the classification of the likely primary star as a WC4 star.
X-ray Spectral Modeling
We use XSPEC v12.10.0c (Arnaud 1996) with the Cash statistic (Cash 1979) to simultaneously fit the ungrouped Chandra source and background spectra described in Section 2. We use the mcmc routine in XSPEC to estimate 90% confidence intervals on the best-fit model parameters. Because N604-WRX is embedded in NGC 604, itself a source of soft X-ray emission, the spectral fitting process, and in particular the treatment of the background, requires customization and care beyond a simple background subtraction. In this section we describe our custom treatment of the background and our best-fit source plus background model, along with the inferred parameters for N604-WRX from the best-fit model.
Background Model: NGC 604
Our background model is composed of two components: a sky and an instrumental component. The sky component is dominated by the soft emission from NGC 604, which we model following Tüllmann et al. (2008) as a two component thermal plasma (APEC; Smith et al. 2001 ) with photoelectric absorption (phabs×(apec + apec)). We model the instrumental component as a power-law continuum coupled with Gaussian components to represent detector fluorescence lines. For the sky background, we fix N H = 1.1 × 10 21 cm −2 for the absorption in NGC 604 (Lebouteiller et al. 2006 ) and scale the elemental abundances to Z = 0.65 Z (Vilchez et al. 1988; Magrini et al. 2007) .
We fit the sky and detector background model to Chandra spectra extracted from annular regions surrounding N604-WRX as described in Section 2.1. We allow the temperatures and normalizations of each background APEC component to vary, as well as an overall multiplicative constant for both the sky and instrument background models, which are scaled for each observation by background size. We find best-fit temperatures and normalizations for the two-component APEC model that are consistent with the values from Tüllmann et al. (2008) for their regions "C1", "B1", and "B2"-the main cavity of NGC 604 roughly coincident with the region hosting N604-WRX. We fix the temperatures and normalizations of the background APEC components in our subsequent source plus background fits, allowing only the overall multiplicative constant to vary in order to characterize the background contribution to the source spectra. The best-fit total model (black solid line) for N604-WRX from XSPEC for Chandra obs. ID 6378. The best-fit total model consists of both source (dashed blue) and background (dash-dot red) components. The spectrum has been rebinned to a minimum significance of five per bin for plotting purposes only. Right: Best-fit total (source + background) models for N604-WRX from all Chandra obs. IDs, where the spectra have again been rebinned for plotting purposes only.
Simultaneous Source and Background Fit: N604-WRX + NGC 604
We next perform a simultaneous fit to the source (N604-WRX) and background (NGC 604) spectra using a model for an absorbed diffuse plasma in collisional ionization equilibrium for the source (tbabs × tbvarabs × apec), and a fixed background component as described in the preceding section. The tbabs component in our source model accounts for Milky Way absorption, and the tbvarabs component accounts for the hydrogen absorption column intrinsic to NGC 604. The APEC (Smith et al. 2001) component of the source model represents the X-ray emission from shocked material in the wind collision region of N604-WRX.
Although the integration time from Chandra is long (∼ 320 ks) N604-WRX still has relatively few counts across all five observations (∼ 200 counts), and we therefore cannot discriminate between more complex (i.e. two-temperature) models. Given the relatively low number of counts, we also fix the absorption in our model for both the line-of-sight absorption (tbabs) to N H = 5 × 10 20 cm −2 , and the intrinsic hydrogen column density (tbvarabs) to N H = 1 × 10 21 cm −2 (Churchwell & Goss 1999; Lebouteiller et al. 2006) . For the intrinsic absorption component (tbvarabs) we fix the abundances of He, N, O, S, and Ne following Diaz et al. (1987) , Vilchez et al. (1988) , and Crockett et al. (2006) , and scale all other abundances to 0.65 Z (Vilchez et al. 1988; Asplund et al. 2009 ).
The total model is thus comprised of fixed sky and detector background components, and a source component where the plasma temperature and normalization are allowed to vary. We also allow an overall multiplicative constant, scaled by extraction region size, to vary for the source, sky background, and detector background components.
Our best-fit tbabs × tbvarabs × apec model returns kT = 0.98 cm −5 with a null hypothesis probability of 0.49, where K is the normalization (10 −14 / (4π d 2 ) n e n H dV, with n e and n H as the electron and hydrogen number densities in cm −3 ). We show the best-fit model (black solid line) for N604-WRX from Chandra obs. ID 6378 in the left panel of Figure 4 , with the source and background model components shown as the dashed blue and dash-dot red line, respectively. The right panel of Figure 4 shows the best-fit total model for N604-WRX for all Chandra obs. IDs. The spectra have been rebinned to a signal-to-noise of five in each bin for plotting purposes. Table 4 . Absorbed and unabsorbed fluxes for N604-WRX from the best-fit tbabs × tbvarabs × apec source model for the exposure with the highest signal-to-noise in each observation. Column (1): observation ID, column (2): net counts in the spectrum, column (3): absorbed and unabsorbed fluxes and associated errors in the 0.5-2.0 keV band from the best-fit model, column (4): absorbed and unabsorbed fluxes and associated errors in the 0.5-8.0 keV band from the best-fit model, and column (5): absorbed and unabsorbed luminosity and associated errors in the 0.5-2.0 keV band using the fluxes from column (3) and the assuming a distance of 817 kpc to M33 (Freedman et al. 2001 
N604-WRX X-ray Luminosity and Light Curve
We use the best-fit spectral model from Section 3.1.2 to determine the flux of N604-WRX in each Chandra observation and the upper limits on the flux in the XMMNewton exposures. From these fluxes, we construct a long-term light curve of N604-WRX to look for variability.
In Table 4 we list the absorbed and unabsorbed fluxes in the 0.5-2.0 keV and 0.5-8.0 keV bands for each Chandra observation and upper limits on the flux for the XMM-Newton exposure with the highest signal-tonoise in each observation derived from the best-fit source model. XMM-Newton values are upper limits on the flux as N604-WRX is not resolved from the soft emission of NGC 604 in these observations. We exclude XMMNewton observation 0650510301 from table, as N604-WRX was > 8 arcmin off-axis in that observation, leading to very low signal-to-noise and unreliable upper limits on the flux.
Fluxes and upper limits are derived from the best-fit source model using the flux command in XSPEC, with 90% confidence intervals determined from the XSPEC MCMC chains. We calculate luminosities from the model derived fluxes assuming a distance to M33 of 817 kpc (Freedman et al. 2001 ). We find a median unabsorbed flux across all Chandra observations of 3.6 × 10 −15 erg s −1 cm −2 (L X = 2.9 × 10 35 erg s −1 ) for N604-WRX. We discuss the implications for N604-WRX as a CWB based on the magnitude of its X-ray flux in Section 4.2.
We construct a long-term light curve for N604-WRX, displayed in Figure 5 , from the unabsorbed 0.5-2.0 keV fluxes from Table 4 . The flux of N604-WRX varies by a factor of two to three between the Chandra observations. Given the low number of counts across all observations, we cannot reliably construct light curves in isolated energy bands, however we can look for evidence of any changes in the spectral hardness by computing the hardness ratio using counts in the soft (S; 0.5-2.0 keV) and hard (H; 2.0-8.0 keV) bands. We define the hardness ratio as HR = (H − S)/(H + S), and compute this value and its associated 1σ errors using the Bayesian Estimation of Hardness Ratios (BEHR; Park et al. 2006 ) for all Chandra observations. Within the 1σ errors on the hardness ratios we find no evidence for significant changes in the hardness of N604-WRX between Chandra observations. Without an orbital solution for this system we cannot further investigate possible phasedependence in the spectral hardness or likewise produce a phase-resolved light curve for N604-WRX. In Section 4.4 we discuss the variability and maximum Xray luminosity reached by N604-WRX and their implications for an orbital period for N604-WRX.
Spectral Classification of the Candidate Primary Star
Numerous past works have studied in detail the massive star population in M33, and specifically in NGC 604, leading to a large number of classifications for WR and OB stars in the region (e.g., Conti & Massey 1981; Massey & Conti 1983; Hunter et al. 1996; Massey et al. 1996; Massey & Johnson 1998 ; Bruhweiler et al. Fariña et al. 2012) . Below, we summarize sources in the literature that appear coincident with the position of N604-WRX, and then present our newly determined WC4 spectral classification for the likely primary star of N604-WRX.
The first identification of a WR star coincident with the position of N604-WRX comes from Drissen et al. (2008) . Based on their finder chart for NGC 604 (Figure 3 , Drissen et al. 2008) , their star N604-WR3 appears to be coincident with the location of N604-WRX, and specifically N604-WRXc, the likely primary of N604-WRX. Unfortunately, tracing previous classifications in the literature from this identification is fraught due to issues with crowding. For example, Drissen et al. (2008) note possible previous classifications for N604-WR3 as WR star CM 12 (Conti & Massey 1981 , spectral type WNL) and WR 136 (Massey & Johnson 1998 , spectral type WNL). However, Drissen et al. (2008) also list their star N604-WR4 as the possible counterpart to CM 12/WR 136 (also listed as MC 75 (Massey & Conti 1983) and UIT 364 (Massey et al. 1996) ). We consider N604-WR4 as the more likely counterpart to these WR identifications in the literature based on our own visual inspection of the WR star positions, absolute magnitudes, and spectral classifications in NGC 604 from previous catalogs, as N604-WR4/CM 12/WR 136 are all consistent with a nitrogen-rich WR star that is brighter than, and to the north of N604-WRX and N604-WR3.
Therefore, the only previous literature identification of a WR star coincident with the position of N604-WRX is N604-WR3 (Drissen et al. 2008 , spectral class WN). Two sources from the LGGS (Massey et al. , 2016 also appear coincident with the position of N604-WRX, namely LGGS sources J013432.64+304704.0 (coincident with our Gemini target N604-WRXb), and J013432.63+304704.5 (coincident N604-WRXc, the most likely primary). However, neither LGGS target has a spectral classification from Massey et al. (2006) , and although Drissen et al. (2008) provide a WN classification for N604-WR3, they do not provide published spectroscopic confirmation. Given the lack of spectral data in the literature for the stars coincident with the position of N604-WRX, we turn to our GMOS-N spectra as the primary means of classifying the likely primary of N604-WRX.
In Section 2.4, we determined GMOS-N target N604-WRXc to be the most likely primary for N604-WRX given the presence of strong, broad emission lines in the spectrum, indicative of the strong, fast winds of a WR star. The spectrum of the likely primary (Figure 3 ) displays clear C IV λλ5801-12 emission, and C III-IV λ4650/He II λ4686 emission complex, signifying a WC star. In particular, the presence of strong C IV λ5808, and the absence of C III λ5696 in the spectrum signify that the likely primary to N604-WRX is a WC4 star (Torres et al. 1986; Crowther et al. 1998) .
Puzzlingly, the strong C IV λ5808 and lack of distinguishing nitrogen features in the GMOS-N spectrum are at odds with the WN spectral classification listed in Drissen et al. (2008) for their star N604-WR3 that appears coincident with our GMOS-N target N604-WRXc. Given the unambiguous presence of C IV λ5808 in our GMOS-N spectrum, which is at odds with the WN designation from Drissen et al. (2008) , it seems unlikely that our targets are the same source, despite apparent positional overlap. This may not be altogether surprising given that this area of NGC 604 suffers from issues with crowding, and while our GMOS-N spectra were taken with a 0. 25 slit to avoid contamination from neighboring sources, the Drissen et al. (2008) spectral identifications were made with a 1. 5 slit.
Our WC4 spectral classification for N604-WRXc is corroborated by Hectospec data from 2007 taken at the location of N604-WRX as part of spectroscopic followup for the ChASeM33 survey (Tüllmann et al. 2011) . In particular, the Hectospec spectra, which were taken with the Hectospec fiber positioned to be coincident with the Chandra position for N604-WRX from ChASeM33, show the same broad carbon emission features as our GMOS-N spectrum (Pete Challis, private comm.). Based on this analysis, we therefore determine that the primary to N604-WRX is a WC4 star newly identified in this work.
We attempt to model the spectrum of the WC4 primary using the CoMoving Frame GENeral (CMFGEN) stellar atmosphere and radiative transfer code (Hillier & Miller 1998) . We use the LMC star BAT99-11 as a starting template for our model, as it is WC4 star in a sub-solar metallicity environment similar to NGC 604 (Vilchez et al. 1988; Magrini et al. 2007 ). We find that we cannot simultaneously reproduce the luminosity of the observed WC4 primary star along with the emission line ratios and strengths using a standard WC4-like template. In particular, the observed WC4 primary is more luminous than a standard WC4 star, but the strengths of the emission lines in the observed spectrum are lower than would be expected if a single WC4 star such as BAT99-11 were simply scaled up in luminosity. Furthermore, scaling a standard WC4 spectral template to the luminosity of the observed WC4 primary is incapable of reproducing the emission line ratios in the observed spectrum. Given that a spectral model for a single WC4 star is a poor fit to the spectrum of the observed primary we consider it likely that another component is necessary to describe the spectrum. We discuss these properties of the WC4 primary and their implications for N604-WRX as a CWB in more detail in Section 4.3.
DISCUSSION
In this section we discuss the evidence that N604-WRX is a CWB, namely the soft X-ray spectrum coupled with the strength of the X-ray luminosity, and the WC4 primary star spectrum, which is not well described as a single WC4 star. We further compare N604-WRX to other nearby, bright CWBs to place constraints the orbital period from the strength of its X-ray luminosity and light curve.
A Soft X-ray Source with a Wolf-Rayet Optical Counterpart
The X-ray spectrum of N604-WRX coupled with the presence of a likely WR counterpart places important constraints on the origin of the X-ray emission. In particular, these properties are strongly indicative of a CWB origin, but inconsistent with N604-WRX as a high-mass X-ray binary (HMXB) or supernova remnant (SNR).
The spectrum of N604-WRX is best described as a soft (∼ 1 keV) thermal plasma. This spectral shape is much softer than the harder disk blackbody or power law spectral shape associated with HMXBs (Done et al. 2007 ). In fact, N604-WRX has very few counts at energies > 2 keV in these obesrvations, which is inconsistent even with XRBs observed in the soft state (Done et al. 2007 ). On the other hand, the soft spectrum of N604-WRX is entirely consistent with observations of other extragalactic CWBs (e.g., Guerrero & Chu 2008) , and the ∼ 1 keV temperature is consistent with theoretical predictions for plasma temperatures in the wind collision region of CWBs (Prilutskii & Usov 1976; Cherepashchuk 1976) .
Beyond spectral shape, further inconsistencies with an HMXB classification arise when we consider the X-ray luminosity of N604-WRX, and that the likely optical counterpart is a WR star. Of the handful of HMXBs known to host WR star donors (WR-XRBs), all systems have high X-ray luminosities (L x ∼ 10 38 erg s −1 ), short orbital periods (∼ days), and are observed to be time variable in X-rays (van Kerkwijk et al. 1996; Prestwich et al. 2007; Silverman & Filippenko 2008; Crowther et al. 2010; Liu et al. 2013; Maccarone et al. 2014; van den Heuvel 2019) . The high X-ray luminosities achieved in WR-XRBs are assumed to be the result of accretion of strong, fast WR winds onto a BH (van den Heuvel et al. 2017) . By contrast, the median X-ray luminosity of N604-WRX from our best-fit spectral model is L x ∼ 10 35 erg s −1 , nearly three orders of magnitude below what is expected if the X-ray luminosity is powered by accretion of WR star winds onto a > 10 M BH (see White & Long 1986 ). Accretion of WR winds onto a NS could produce X-ray luminosities in the range observed for N604-WRX, albeit with harder spectra, and dependent on the binary separation (see White & Long 1986) . However, models of binary evolution suggest that WR-XRBs with NS compact objects rarely, if ever, survive as their high mass ratios result in coalescence during common envelope evolution (van den Heuvel et al. 2017) . We therefore find it highly unlikely that N604-WRX is an HMXB, and specifically a WR-XRB, given its soft spectrum and WR counterpart.
The soft spectrum and association with a very young stellar population do not immediately preclude classification as an SNR, as SNRs are soft X-ray sources and, if they have core-collapse progenitors, are often found in the vicinity of massive stars (e.g., Jennings et al. 2014 ). However, past SNR surveys in M33 and studies of the cluster environment where N604-WRX is located indicate that it is unlikely to be an SNR.
To begin with, N604-WRX does not appear in the SNR catalogs of Long et al. (2010) , Lee & Lee (2014) , or Garofali et al. (2017) , indicating that it was not classified as an SNR on the basis of its narrow-band optical emission or X-ray hardness ratios. Furthermore, the stellar cluster in the western portion of NGC 604, of which N604-WRX is a member, has an extremely young inferred age of ∼ 3 Myr based on its substantial WR star population (Hunter et al. 1996; Bruhweiler et al. 2003; Maíz-Apellániz et al. 2004) . Models suggest that energy input from supernovae would not make a substantial contribution < 3 Myr post-starburst (e.g., Leitherer et al. 1992) , and thus we expect few, if any, core-collapse supernovae to have gone off in this particular region since the initial starburst 3 Myr ago. Finally, previous studies of wind-blown bubbles in the western portion of NGC 604, where N604-WRX is located, find that the observed X-ray emission does not require any extra heating from supernovae or SNRs (e.g., Yang et al. 1996; Tüllmann et al. 2008) , and is in fact consistent with the X-ray luminosity expected from a wind-blown cavity emanating from extensive mass loss from the numerous OB and WR stars in the region (e.g., Hunter et al. 1996; Bruhweiler et al. 2003; Drissen et al. 2008) .
We therefore find the observed X-ray properties of N604-WRX to be inconsistent with classification as more commonly observed extragalactic X-ray sources, namely HMXBs or SNRs, and instead find the spectrum and X-ray luminosity of N604-WRX to be most consistent with a CWB.
X-ray Luminosity: Brighter than a Single Wolf-Rayet Star or Cluster
The X-ray luminosity inferred from our best-fit spectral model (L X ∼ 10 35 erg s −1 ) likewise places constraints on the nature of N604-WRX. As discussed in the previous section, this luminosity is much fainter than the luminosities observed for WR-XRBs. However, single massive stars also exhibit low luminosity, soft X-ray emission, so the possibility remains that N604-WRX is a single X-ray emitting massive star or an unresolved collection of X-ray emitting stars in a cluster. We discuss and dispel both possibilities below in favor of N604-WRX as a CWB.
Theoretical predictions and empirical measurements of the X-ray emission emanating from embedded shocks in the winds of massive stars predict X-ray luminosities of L X 10 33 erg s −1 (e.g., Harnden et al. 1979; Cassinelli et al. 1981; Chlebowski et al. 1989 ). This value is well below the limiting luminosity of recent deep X-ray surveys of M33 (Tüllmann et al. 2011; Williams et al. 2015) , which alone makes detection of single X-ray emitting OB or WR stars in M33 unlikely unless such stars in M33 exceed theoretical luminosity predictions and empirical luminosity constraints by more than an order of magnitude. Considering that binaries, and CWBs in particular, are observed to be on average more X-ray luminous than single OB or WR stars (e.g., Pollock 1987; Chlebowski et al. 1989) , the detection of N604-WRX in M33 is more plausibly explained by a binary origin, rather than a single WR star.
To determine whether it is possible that N604-WRX is simply an X-ray emitting massive binary, as opposed to a CWB with a bright wind collision region, we turn to the canonical empirical L X / L bol ∼ 10 −7 scaling relation for X-ray emitting massive stars (Long & White 1980; Cassinelli et al. 1981; Seward & Chlebowski 1982; Sciortino et al. 1990; Chlebowski & Garmany 1991; Berghoefer et al. 1997; Sana et al. 2006; Nazé et al. 2011 ). Conformity to this empirical relation signifies that the dominant source of X-ray emission is shocks embedded in the winds of massive stars, and it is applicable to both single and binary massive stars. The only exceptions to the relation are X-ray bright CWBs, where the dominant source of X-ray emission is the macroscopic wind collision region, as opposed to the embedded shocks in the winds of the massive star components (e.g., Rauw et al. 2002) .
To test where N604-WRX lies relative to the L X / L bol relation we take M V = -7.0 for the system (see discussion in Section 4.3) and, after applying a bolometric correction appropriate for a WC4 star (Nugis & Lamers 2000) , derive M bol = -12.58. From this rough estimate of the Figure 6 . Left: Chandra 0.2-8.0 keV mosaic of N604-WRX with source (blue) and background (white) extraction regions overlaid. Image has been binned into 1" pixels, and smoothed using a Gaussian filter with σ=3 Center: Simulated 0.2-8.0 keV Chandra image of an unresolved cluster of massive massive stars located within the source extraction region for N604-WRX, and at the location of N604-WRX on the detector. The image has been normalized by a factor of > 300 compared to the left panel. The same source and background extraction regions as the left panel are overlaid for reference. The image has also been binned to 1" pixels and smoothed with a Gaussian filter with σ=3 for comparison with the Chandra observations. Right: The radial surface brightness profiles for N604-WRX (solid blue, left panel), and the simulated unresolved cluster of massive stars (dashed purple, center panel). The normalization mismatch between N604-WRX and the unresolved cluster, and extended nature of the cluster compared to N604-WRX as shown here rules out an unresolved cluster of massive stars as the source of X-ray emission for N604-WRX.
bolometric magnitude we derive L bol ∼ 3 × 10 40 erg s −1 , which corresponds to an L X / L bol ∼ 1× 10 −5 , using the median unabsorbed X-ray flux in the 0.5-8.0 keV band from Table 4 . This value is about two dex greater than the canonical L X / L bol relation which has a dispersion of 0.21 dex (Nazé et al. 2011) , indicating that the X-ray emission from N604-WRX more likely originates from a bright wind collision region rather than shocks in the winds of a massive star or stars.
Finally, we wish to test whether the X-ray luminosity of N604-WRX can instead be explained as a collection of unresolved X-ray emitting massive stars in a cluster. To test for this possibility we first tabulated the number of OB and WR stars in the source extraction region (dark blue region, Figure 1 ). We selected known WR stars from the catalogs of Drissen et al. (2008) and Neugent & Massey (2011) , accounting for duplicates, and included our newly characterized WC4 star, though under the assumption it is not a CWB. We counted OB stars in the region from the catalogs of Hunter et al. (1996) and Massey et al. (2016) , again accounting for duplicates. We included all spectroscopic identifications from Massey et al. (2016) within our extraction region, and, following Hunter et al. (1996) , all stars in their catalog with F555W-F814W colors < 0.3, and M F555W < -4 (assuming E(B-V) = 0.08), corresponding roughly to stars of spectral type O9.5 V and earlier. Finally, we cross matched these OB identifications from Hunter et al. (1996) and Massey et al. (2016) with massive stars from the HST photometry reduced in Garofali et al. (2018) to again check for duplicates and look for any stars previously missed due to crowding. In total, we identify 4 WR stars and 18 OB stars in the Chandra source extraction region.
We used the published magnitudes and colors for all 22 stars to estimate order-of-magnitude luminosities using the PARSEC-COLIBRI stellar isochrones (Marigo et al. 2017) . We compared the stars' magnitudes and colors to ∼ 3 Myr isochrones (roughly the age of the cluster in NCG 604, Hunter et al. 1996; González Delgado & Pérez 2000; Maíz-Apellániz et al. 2004; Eldridge & Relaño 2011) at Z = 0.65 Z (Vilchez et al. 1988; Magrini et al. 2007) , assuming a Kroupa initial mass function and reddening appropriate to the region (e.g., Massey et al. 1995) . In this way, we derived approximate bolometric luminosities for each star in the extraction region which we then converted to X-ray luminosities assuming L X ∼ 10 −7 L bol , which is appropriate for both single X-ray emitting massive stars and binaries where the wind collision region does not dominate the X-ray luminosity (e.g., Berghoefer et al. 1997; Nazé et al. 2011) .
We next created simulated event lists for each star in the region assuming a point source, and using MARX (Günther et al. 2017) with the following inputs: the photon fluxes inferred from our L X measurements (assuming D = 817 kpc (Freedman et al. 2001) ), the known positions of the stars from HST, and a simple tbabs × apec spectral model with N H = 1.1 × 10 21 cm −2 (Lebouteiller et al. 2006) , kT= 1 keV, and Z = 0.65 Z (Vilchez et al. 1988; Magrini et al. 2007 ) produced using Sherpa (Freeman et al. 2001) . Additionally, we used MARX to create an event list representative of the diffuse background emission in the western portion of NGC 604 using the spectral model and associated flux taken from Tüllmann et al. (2008) for their region "B1". For each star, as well as for the background, we set the exposure time to zero, and "NumRays" to the number of counts we wished to detect. The desired background count level was taken from Tüllmann et al. (2008) again for their region "B1", and we set each of the 22 stars to detect four photons each, amounting to a total of ∼ 90 counts for all sources, similar to the total number of counts detected for N604-WRX in a single deep Chandra exposure. We merged the individual event lists for each star together with the diffuse background event list using dmmerge and additionally imposed a 2 × 2 binning to create a final simulated image that we could compare to our Chandra observations of N604-WRX.
In the center panel of Figure 6 we display a simulated image of the X-ray emission from an unresolved cluster of massive stars within the source extraction region (blue) at the location of N604-WRX, while in the left panel we show a 0.2-8.0 keV mosaic of the Chandra observations of N604-WRX. The right panel of Figure 6 shows the radial surface brightness profiles for both N604-WRX (solid blue line), and the simulated unresolved cluster (dashed purple line).
While both images contain of order the same number of counts within the source extraction region (blue circle), the Chandra mosaic represents ∼ 300 ks of observation time while the simulated image from MARX requires > 100 Ms to achieve even a modest number of counts in the source extraction region. This extremely long integration time is due to the faint X-ray luminosities of the individual massive stars in the region which, based on their inferred bolometric luminosities, all have L X ∼ 10 31 -10 32 erg s −1 . Furthermore, as shown in the right pane of Figure 6 , the simulated unresolved cluster is a slightly extended source of X-ray emission, while N604-WRX is a point source. Given the slightly extended nature of the emission from this simulated ensemble of massive stars and the extremely long integration time necessary to obtain such an image we rule out the possibility that the X-ray emission from N604-WRX emanates from an unresolved cluster of massive stars.
Evidence for a Companion from the Primary Star Spectrum
The WC4 spectral type of the likely primary coupled with its exceptional brightness in the optical and X-rays provide further evidence that N604-WRX is a CWB. Single WC stars are observed to be extremely faint sources in X-rays (L x ∼ 10 30 erg s −1 ), owing to the high opacity of their metal-rich winds (Oskinova et al. 2003; Rauw et al. 2015) . Thus the WC4 star observed to be coincident with relatively high X-ray luminosity makes it extremely unlikely that the X-ray emission observed from N604-WRX can be ascribed to a single star.
Just as the high X-ray luminosity indicates a likely CWB, the magnitude of the WC4 counterpart is also indicative of binarity. The WC4 star has m F475W = 17.89 from the HST photometry, which corresponds to m V ∼ 18 as determined from the GMOS-N spectrum and pysynphot. Assuming a modest reddening of E(B-V) = 0.13 (Massey et al. 1995; Hunter et al. 1996 ) and a distance modulus of 24.6 this corresponds to M V ∼ -7.0 for the WC4 primary. For comparison, WC stars in M33 typically have M V = -3.0 --5.5 (e.g., Massey & Conti 1983) , while Galactic WC4 stars are observed to have average M v = -3.3 (n.b., narrow band v; Sander et al. 2012) . Thus, assuming even a moderate reddening, the likely primary to N604-WRX is > 4× as bright as the brightest WC stars in M33, and ∼ 30× as bright as stars of the same spectral type in the Milky Way.
The incredible brightness of the likely primary compared to stars of the same spectral type cannot be explained simply as a scaled up version of a WC4 star. In Figure 7 we show the observed WC4 star spectrum from GMOS-N, as well as the spectrum of the LMC WC4 star BAT99-11 (Brey 10, HD 32402; Neugent et al. 2018) scaled to the apparent magnitude of the observed WC4 primary. Figure 7 demonstrates that this simple approximation of a scaled-up WC star is not a good description of the observed WC4 primary in N604-WRX, as not only are the line strengths and relative line ratios incorrect, but the simulated continuum is also inconsistent with the observed WC4 star.
The remarkably high M V of the observed WC4 star relative to its spectral type may instead be explained by the presence of a companion. For example, if the companion is a late O supergiant with an absolute magnitude of ∼ -6.5 --7.0 (e.g., Massey 1998) the observed apparent magnitude of the WC4 star as well as the relative weakness of its carbon emission features could be consistently explained. While a WC4 + O binary configuration would be entirely consistent with N604-WRX as a CWB, we see no clear evidence of an O companion (e.g., absorption lines) in the observed WC4 spectrum.
To test whether we should expect to detect signatures of an O supergiant companion in the WC4 spectrum Figure 7 . Observed WC4 primary star spectrum from GMOS-N (purple), overlaid with the spectrum of an LMC WC4 star (blue) scaled to match the apparent magnitude of the observed spectrum. The spectrum of the likely WC4 primary to N604-WRX is not well-described by a WC4 star scaled up in luminosity.
we create a composite WC + O spectrum in pysynphot using scaled LMC spectra from an O7.5Iaf (LMC173-2, Massey et al. 2014 ) and WC4 star (BAT99-11, Neugent et al. 2018) . We scale the WC + O composite to match the apparent magnitude of the observed WC4 star, assuming the WC component contributes ∼ 40% to the total luminosity. We then rebin the composite spectrum to GMOS-N resolution, and add noise consistent with the observed spectrum.
The simulated WC + O composite spectrum is displayed in green in Figure 8 , and, notably, the absorption lines from the O supergiant component are largely erased with a realistic signal-to-noise and spectral resolution applied. Those absorption lines which are still visible in the composite are unfortunately coincident with strong nebular lines from NGC 604 in the observed spectrum.
Importantly, the simulated WC + O spectrum shown in green in Figure 8 is able to match the continuum of the observed spectrum (purple) while preserving the relative strengths of the carbon emission features. This consistency between the observed spectrum and simulated composite indicates that, despite the lack of absorption line features in the GMOS-N spectrum, the observed WC4 spectrum is compatible with the presence of an O supergiant companion which contributes substantial flux. We discuss the prospects for follow-up observations to definitively determine the presence of a companion in the conclusions.
Comparison to Bright Colliding-Wind Binaries
One of the most remarkable aspects of N604-WRX remains its high X-ray luminosity at maximum, which appears to exceed even that of the brightest CWBs in the Galaxy and MCs. In this section we discuss the X-ray luminosity and X-ray light curve of N604-WRX compared to other bright CWBs in order to place some constraints on the binary parameters giving rise to such an extreme X-ray luminosity.
The unabsorbed X-ray luminosity of N604-WRX at maximum in the observed light curve is L X ∼ 5.4 × 10 35 erg s −1 , a value which exceeds even the brightest CWBs in the LMC and Galaxy at their maxima: Mk 34 with L X = 3.2 × 10 35 erg s −1 in the LMC (Pollock et al. 2018) , and η Carinae with L X = 2.4 × 10 35 erg s −1 in the Galaxy (Corcoran et al. 2017 ). Both of these well-studied CWBs are known to be quite massive, with recent spectroscopic measurements of Mk 34 indicating M > 100 M for each WN component of the binary (Tehrani et al. 2019) , and a combined mass of > 100 M for η Car (Hillier et al. 2001) .
In terms of well-studied, bright CWBs with WC primaries there is WR 140, a WC7 + O4.5 system with an orbital period of ∼ 2900 days which reaches L X = 4 × 10 34 erg s −1 (Marchenko et al. 2003; Pollock et al. 2005; Sugawara et al. 2015) , and Wr48a, a WC8 + WN8h binary with a ∼ 30 year period, which reaches as high Figure 8 . Observed WC4 primary star spectrum from GMOS-N (purple) overlaid with a composite spectrum (green) constructed in pysynphot from a combination of spectra from an LMC O7.5Iaf star and an LMC WC4 star. The composite spectrum has been scaled to match the magnitude of the observed WC4 star, rebinned to GMOS-N resolution, and has had noise added consistent with the observed spectrum. The O supergiant absorption lines are largely absent in the composite spectrum, while the strengths of the carbon emission features and continuum emission are consistent with the observed GMOS-N spectrum. For reference, we again show the spectrum of the LMC WC4 star BAT99-11 scaled to the luminosity of the observed WC4 star (black dashed line), which is a poor description of the spectrum of the observed WC4 primary.
as L X = 3 × 10 35 erg s −1 (Zhekov et al. 2011 (Zhekov et al. , 2014 Williams et al. 2012) .
The common thread for these remarkably bright CWBs is, not surprisingly, very massive components with exceedingly strong winds. However, it does not appear that the spectral type of the primary uniquely determines which systems reach the highest X-ray luminosities, and the spectral type of the secondary is too often ill-constrained to make inferences as to its relative importance. Rather, it is likely a combination of the relative wind momenta of the binary components, as well as the orbital configuration (period, eccentricity, and viewer orientation) that set the observed X-ray luminosity.
Of the systems discussed here, namely Mk 34, η Car, WR 140, and WR48a, all are measured or presumed to have eccentric orbits and all are generally long period systems, with Mk 34 having the shortest orbital period at ∼ 155 days (Pollock et al. 2018) , and all other systems having orbital periods > 5 years (Marchenko et al. 2003; Williams et al. 2012; Corcoran et al. 2017) . It therefore seems likely that N604-WRX, given its high X-ray luminosity, is likewise a long period system perhaps also with an eccentric orbit.
Long period CWBs with eccentric orbits are more likely to approach the adiabatic limit in the wind collision region (Pittard & Stevens 2002) , and in this case the star with the higher wind momentum (i.e., stronger wind) will largely set the X-ray luminosity. In such long period systems the wind components are also able to reach terminal velocity in the wind collision region, so variations in the X-ray luminosity will come about due to the changing separation of the stars and, theoretically, should scale as 1/D, where D is the separation between the stars (e.g., Güdel & Nazé 2009 ).
In theory, the 1/D scaling for long period systems means their light curves can be described by this relation, with the X-ray luminosity reaching maximum at periastron. However, this is not always observed to be exactly the case. For example, WR 140 rises in flux as the system approaches periastron, but drops to a minimum just before conjunction, when the O star passes behind the more opaque winds of the WC7 primary (Corcoran et al. 2011) . Deviations from the theoretical 1/D light curve behavior for long period systems are thus indicative of the effects of changing line-of-sight absorption, or possibly the wind collision region becoming radiative at periastron.
As we do not yet have a full orbital solution for N604-WRX we can only speculate regarding periodicity in the light curve shown in Figure 5 . However, if we assume N604-WRX is a long period, eccentric CWB in the adiabatic limit like other bright CWBs then the light curve maximum in Figure 5 may represent an orbital phase close to periastron, with the rapid decrease shortly thereafter representing a phase close to conjunction. If we assume the most recent flux upper limit measurement from XMM-Newton also represents a phase close to maximum, then N604-WRX would have a period ∼ 4000 days, or ∼ 11 years. As the upper limits from XMM-Newton are derived from unresolved observations of N604-WRX with high background, we caution that deriving a period from these values is very speculative. More time-resolved observations will be necessary to determine where true minimum in the light curve lies, and thus derive an orbital solution.
The lack of obvious periodicity in the light curve for N604-WRX is not unexpected given our limited observations. Although some nearby CWBs have shown evidence for periodicity in their X-ray light curves (e.g., Lomax et al. 2015; Pollock et al. 2018 ), more often CWBs exhibit phase-dependent variability in X-rays (e.g., Pollock & Corcoran 2006; Gosset et al. 2009 ), with binary orbital periods later verified via spectroscopic follow-up (e.g., Rauw et al. 2004; Bonanos et al. 2004; Gamen et al. 2006; Tehrani et al. 2019 ). For CWBs with WC primaries in particular, orbital periods may be determined via IR observations if there is episodic dust formation near periastron (e.g., Williams et al. 2012 ). Clearly, multi-wavelength follow-up of N604-WRX is necessary to further characterize the orbital configuration of this remarkable system.
SUMMARY & CONCLUSIONS
We present the identification N604-WRX, the first candidate CWB in M33, and the first such system observed beyond the MCs. The candidate CWB is a soft (∼ 1 keV) source embedded in a very young cluster in the giant H II region NGC 604. Based on spectral modeling of N604-WRX we derive a median unabsorbed luminosity of L X (0.5-2.0 keV) = 2.9 × 10 35 erg s −1 , making this candidate CWB as bright as the most luminous known CWBs in the Galaxy and MCs, including η Car and Mk 34. From our spectral models and all available archival Chandra and XMM-Newton observations we derive an X-ray light curve, demonstrating that N604-WRX varies by a factor of a few between observations, and reaches an unabsorbed luminosity of L X (0.5-2.0 keV) = 5.4 × 10 35 erg s −1 at maximum. We identify a WR star coincident with the X-ray emission from N604-WRX, and consider this star to be the likely primary in the CWB. Using GMOS-N we are able to characterize the likely primary, for the first time, as a WC4 star whose high luminosity signifies the likely presence of a companion star, possibly a late O supergiant. Thus, we find N604-WRX to best be described as a WC4 + (O) CWB system.
Given the distance to N604-WRX in M33 long integration times (∼ 100s ks) are needed with current X-ray facilities to achieve even a modest increase in the number of detected counts for N604-WRX over currently available observations in the Chandra and XMM-Newton archives. Next generation X-ray facilities will therefore be of great importance to further identification and characterization of even the brightest extragalactic CWBs.
The status of N604-WRX as a CWB can be verified via multiwavelength follow-up. In particular, followup spectroscopy of the likely WC4 primary with higher signal-to-noise will be necessary to look for signatures of a companion in the spectrum, and further provide a spectral classification for the secondary. Given the crowded field in NGC 604 HST may be necessary for such follow-up characterization to avoid contamination from nearby stars.
In order to determine an orbital solution for N604-WRX, which would also help cement classification as a CWB, dedicated radial velocity follow-up may be required, though confusing contamination from nebular emission from NGC 604 may make such a task more difficult. As we determined the likely primary to be a WC star, it may also be possible to look in the IR for periodic dust formation at periastron in order to derive an orbital period.
Multiwavelength confirmation of N604-WRX as a CWB will be an important step towards expanding extragalactic studies of bright CWBs, and leveraging such sources as probes of massive star winds and massive star evolution in binaries.
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